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(54) Catalyst composition for purification of exhaust gas, catalyst for purification of exhaust gas, and 
process for producingsald catalyst 



(57) A catalyst composition for purification of exhaust gas, comprises (a) high-silica zeolite having a Si/Af 
ratio of 40 or more which has been subjected to ion exchange with at least one metal selected from Pt, 
Pd, Rh, lr and Ru, and (b) a heat-resistant oxide containing at least one metal selected from Pt, Pd, Rh, Ir 
and Ru. The catalyst composition is supported on a monolith carrier as a single layer or with the two 
components (a) and (b) as separate layers. The catalyst has high activity for exhaust gas purification 
even when it contains Rh, which is an expensive catalyst component, in a very small amount 
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BACKGROUND OF THE INVENTION 

The present invention relates to a catalyst composition for purification of exhaust gas, a catalyst for puri- 
fication of exhaust gas and a process for producing said catalyst The present invention relates mainly to a 
s three-way catalyst for purification of exhaust gas emitted from internal combustion engines of automobiles. 

Various types of catalysts for purification of exhaust gas emitted from internal combustion engines have 
hitherto been proposed. For example, Japanese Patent Application Laid-Open No. 135541/1989 proposes a 
zeolite catalyst subjected to ion exchange with a noble metal such as Pt, Pd, for purification of NO x at a high 
conversion efficiency even for an exhaust gas generated under a large air-to-fuel ratio (A/F) (a fuel-lean mixt- 
10 ure). Japanese Patent Application Laid-Open No. 139144/1989 proposes, also as a catalyst for purification of 
exhaust gas emitted from lean bum engines, a catalyst which is a mixture of (1) a reduction catalyst wherein 
zeolite is subjected to ion exchange with a transition metal and (2) an oxidation catalyst comprising alumina 
and a noble metal catalyst component supported thereon. 

Japanese Patent Application Laid-Open No. 56247/1990 proposes, for purification of hydrocarbons at a 
is high conversion efficiency particularly at cold start, a three-way catalyst consisting of a first layer comprising, 
as a main component, zeolite supported on a carrier and a second layer comprising, as a main component, a 
noble metal such as Pt, Pd, Rh. Japanese Patent Application Laid-Open No. 174937/1990 proposes a three- 
way catalyst consisting of molecular sieves and a noble metal, developed for the purpose of reducing the 
amount of expensive Rh. 

20 However, in the catalysts proposed in Japanese Patent Application Laid-Open Nos. 135541/1989, 

139144/1989 and 56247/1990 all employing, as the catalyst component, a noble metal supported on zeolite, 
no study has been made on the effect which Si/AI ratio of zeolite has on catalytic activity; therefore, some of 
those catalysts have insufficient heat resistance and do not function sufficiently as a catalyst for exhaust gas 
purification. The activity depends upon the level of Si/AI ratio. Moreover, in the catalyst proposed by Japanese 

25 Patent Application Laid-Open No. 56247/1990 wherein hydrocarbons are adsorbed by the inner zeolite layer 
at cold start and, after warm-up, are desorbed, oxidized and thereby made nontoxic, the outer layer becomes 
a hindrance to the mass transfer of substances, making it difficult to obtain an intended effect sufficiently. 

In the catalyst proposed by Japanese Patent Application Laid-Open No. 174937/1990 employing various 
zeolites as a three-way catalyst, the noble metal is not sufficiently supported on any of these zeolites, making 

30 it impossible to obtain a sufficient catalytic activity for exhaust gas purification. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a three-way catalyst having sufficient heat resistance and 

35 possessing high activity for removal of such exhaust gas components as NO x , CO and hydrocarbons. It is 
another object of the present invention to provide a three-way catalyst for exhaust gas purification, which has 
a sufficient activity for exhaust gas purification even when the amount of expensive Rh component supported 
on carrier is reduced to a level smaller than the ratio (1/1 1 to 1/19) of Rh/Pt in natural ores and optionally the 
amount is reduced even to zero (Rh has been considered as an essential catalyst component). 

40 According to the present invention, there is provided a catalyst composition for purification of exhaust gas, 

comprising (a) a high-silica zeolite having a Si/AI ratio of 40 or more, subjected to ion exchange with at least 
one metal selected from Pt, Pd, Rh, Ir and Ru, and (b) a heat-resistant oxide containing at least one metal selec- 
ted from Pt, Pd, Rh, Ir and Ru. 

The present invention also provides a catalyst for exhaust gas purification, comprising a monolith carrier 

45 and the above catalyst composition for exhaust gas purification supported on the monolith carrier. 

The present invention also provides various processes for producing the above catalyst for exhaust gas 
purification. As a first process, there is provided a process for producing a catalyst for purification of exhaust 
gas, which comprises coating a monolith carrier with a slurry comprising a high-silica zeolite having a Si/AI ratio 
of 40 or more, subjected to ion exchange with at least one metal selected from Pt, Pd, Rh, Ir and Ru and a 

so heat-resistant oxide or its precursor, drying or/and firing the slurry-coated monolith carrier, impregnating the 
resulting monolith carrier with a solution containing at least one metal selected from Pt, Pd, Rh, Irand Ru, and 
drying or/and firing the impregnated monolith carrier. 

As a second process, there is provided a process for producing a catalyst for purification of exhaust gas, 
which comprises coating a monolith carrier with a slurry comprising a high-silica zeolite having a Si/AI ratio of 

55 40 or more, subjected to ion exchange with at least one metal selected from Pt, Pd, Rh, Ir and Ru and a heat- 
resistant oxide or its precursor containing at least one metal selected from Pt, Pd, Rh, Ir and Ru, and drying 
or/and firing the slurry-coated monolith carrier. 

As a third process, there is provided a process for producing a catalyst for purification of exhaust gas, which 

2 



BNS oaae 2 



EP 0 485 180 A1 



comprises conducting at least once a series of steps consisting of (1) a first slurry-adhering step wherein a 
monolith carrier is coated with a slurry comprising a high-silica zeolite having a Si/AI ratio of 40 or more, or its 
precursor, (2) an ion exchange step wherein the monolith carrier after the first slurry-coating step is subjected 
to dried and/or fired, or hydrothermal synthesis and dried or/and fired, and then contacted with a solution con- 
taining at least one metal selected from Pt, Pd, Rh, lr and Ru to subject the high-silica zeolite to ion exchange 
with said metal, (3) a second slurry-coating step wherein the monolith carrier after the ion exchange step is 
coated with a slurry comprising a heat-resistant oxide or its precursor, and (4) a metal-supporting step wherein 
the monolith carrier after the second slurry-coating step is dried or/and fired and then impregnated with a sol- 
ution containing at least one metal selected from Pt, Pd, Rh. Ir and Ru, to allow said metal to be supported on 
the monolith carrier, and then drying or/and firing the resulting catalyst 

As a fourth process, there is provided a process for producing a catalyst for purification of exhaust gas, 
which comprises conducting at least once a treatment consisting of (1) a step wherein a monolith carrier is 
coated with a slurry comprising a heat-resistant oxide or its precursor, the slurry-coated monolith carrier Is dried 
or/and fired and then impregnated with a solution containing at least one metal selected from Pt, Pd, Rh, Ir and 
Ru, and the impregnated monolith carrier is dried or/and fired, or wherein a monolith carrier is coated' with a 
slurry comprising a heat-resistant oxide or its precursor containing at least one metal selected from Pt, Pd, Rh, 
Ir and Ru, and the slurry-coated monolith carrier is dried or/and fired, and (2) a step wherein the resulting mono^ 
lith carrier is coated with a slurry comprising a high-silica zeolite having a Si/AI ratio of 40 or more, subjected 
to ion exchange with at least one metal selected from Pt, Pd, Rh, Ir and Ru, and the slurry-coated monolith 
carrier is dried or/and fired. 

The catalyst and catalyst composition for exhaust gas purification according to the present invention con- 
tain, as a catalyst component, a high-silica zeolite having a Si/AI ratio of 40 or more, subjected to ion exchange 
with platinum group metal(s), and accordingly are excellent in catalytic activity, durability and heat resistance 
as well as in purification ability for hydrocarbons in an exhaust gas generated under a small air-to-fuel ratio (a 
fuel-rich mixture). Further, the present catalyst and catalyst composition do not yield much by-product, particu- 
larly NH 3 although they contain a small amount of expensive Rh, and show high activity. Furthermore, they can 
be produced simply and easily and are useful in industry. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is hereinafter described in more detail. 

The high-silica zeolite as the component (a) of the present invention is typically, like well known ordinary 
zeolite, a crystalline aluminosilicate having a three-dimensional network structure formed by tetrahedrons of 
Si atoms partially replaced by Al atoms, via oxygen atoms and, in order to compensate the imperfection of posi- 
tive charges in the alumina regular tetrahedrons, usually contains cations such as Na. The high-silica zeolite 
of the present invention has a high Si/AI ratio (atomic ratio) of about 10 to 1,000 or more, as compared with 
the Si/AI ratio of 1-5 of ordinary zeolite. In the present invention, it Is preferable that the high-silica zeolite has 
a Si/AI ratio of 40-1,000 and the cation such as Na or the like is preferably protonlc (H type). 

The high-silica zeolite having a SI/AI ratio of 40 or more has increased its heat resistance, making the result- 
ing catalyst of the present invention usable in severer conditions, is more useful, and has higher purification 
activity for exhaust gas. Further, such zeolite has increased hydrophobicity, has higher adsorbability for CO, 
hydrocarbons and NO x (these are components to be purified) in exhaust gas than for the moisture in the same 
exhaust gas, and can give higher purification ratios for CO, hydrocarbons and NO x . Furthermore, the zeolite 
creates hydrocarbon species advantageous to exhaust gas purification, owing to the strong solid acid of high- 
silica zeolite and shows very high purification ability for hydrocarbons generated under a small air-to-fuel ratio 
(a fuel-rich mixture). 

When the Si/AI ratio of zeolite is less than 40, the crystal structure of zeolite is destroyed at high exhaust 
gas temperatures of about 400-800°C. When the Si/AI ratio is more than 1 ,000, the number of sites at which 
ion exchange takes place, is small, only small amount(s) of catalyst metal(s) are introduced by ion exchange 
and accordingly it is difficult to obtain desired catalytic activity. The use of high-silica zeolite of Na type at high 
temperatures is not preferable, in comparison with high-silica zeolite of H type, because the crystal structure 
of the former zeolite is destroyed at temperatures of 800°C or higher. 

As the high-silica zeolite of the present invention, there can be used synthetic zeolite including those com- 
mercially available such as ZSM-5 of Mobil and Silicalite of UOP. The high-silica zeolite of the present invention 
can also be used in a form obtained by subjecting zeolite such as X type, mordenite to a dealumination treatment 
to remove aluminum from the zeolite skeleton and thereby increase the Si/AI ratio. There can also be used a 
metalloaluminosilicate obtained by incorporating rare earth metal(s) or base metal(s) into a zeolite skeleton. 

The component (a) of the present invention can be obtained by subjecting the above zeolite to ion exchange 
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with at least one metal selected from platinum group metals consisting of Pt, Pd, Rh f Ir and Ru (hereinafter 
referred to simply as platinum group metals) in an appropriate aqueous solution. In the high-silica zeolite sub- 
jected to ion exchange with platinum group metal(s) f the cation of metal M (the cation includes proton) in the 
cage of zeolite has been ion-exchanged with the platinum group metal(s). In the present invention, the ion 

5 exchange efficiency is preferably about 10% or more. When the ion exchange efficiency is less than 10%, the 
resulting catalyst may not have sufficient catalytic activity. The ion exchange efficiency can be controlled at a 
desired level by appropriately selecting the pH and concentration of the aqueous solution used in ion exchange, 
the type(s) of platinum group metal-containing compound(s), and so forth. 

In the present invention, ion exchange efficiency is defined as following formula, wherein each of valances 

10 of Pt and Pd is 2 and valance of Rh is 3. 
ion exchange efficiency (%) 

ion-exchanged noble metal ion 
- valance of noble metal x 1 00 
number of site of ion exchanger 

is The platinum group metal(s) introduced into the high-silica zeolite by ion exchange is (are) located at the 

exchange sites of the zeolite in a uniform dispersion and can exhibit the catalytic activity effectively, is (are) 
resistant to vaporization, causes (cause) no agglomeration even at high temperatures, and can maintain a high 
activity over a long period of time. Meanwhile in a zeolite loaded with platinum group metal(s) according to ordi- 
nary impregnation, the metal(s) is (are) loaded mainly in the micropores of the zeolite; accordingly, the interac- 

20 tion between zeolite and platinum group metal(s) is weak, the uniformity in dispersion is low, the agglomeration 
of the metal(s) takes place easily, and the catalyst obtained has low catalytic activity. Thus, the platinum group 
metal loading by ion exchange in the present invention gives excellent results. In the present invention, the 
component (a) can be further loaded with platinum group metal(s) by impregnation, if necessary, in addition to 
the loading of platinum group metal(s) by ion exchange. The component (a) can be furthermore loaded with 

25 transition metal(s) such as Cu, Ni, Fe, Cr, Co, Mn, Ag, Re. In loading with these transition metals, the amount 
of expensive platinum group metal(s) loaded can be reduced. 

In the component (a), the type(s), etc. of the platinum group metal(s) used in ion exchange and not par- 
ticularly restricted. However, it is preferable to use expensive Rh, in particular, in ion exchange, as a catalyst 
metal component in the catalyst composition and catalyst of the present invention. In general, Rh as a platinum 

30 group metal which is believed to be essential in a three-way catalyst for selective purification of NO Xf interacts 
strongly with y-AI 2 0 3 (ordinarily used in a catalyst for exhaust gas purification) in an oxidizing atmosphere, caus- 
ing the deactivation of catalyst. In the present invention, however, the Rh introduced into high-silica zeolite by 
ion exchange can maintain its high activity at high temperatures over a long period of time; as a result, the catal- 
yst of the present invention has high durability and is very useful in industry. 

35 The high-silica zeolite as the component (a), subjected to ion exchange with platinum group metai(s) can 

be loaded further with about 2-35% by weight in total of rare earth element (compound) oxide(s) (e.g. Ce0 2 , 
La 2 0 3 ) having oxygen storage capacity [the rare earth element (compound) oxide(s) refers (refer) to rare earth 
element oxide(s) and/or rare earth element compound oxide(s), and the same applies hereinafter] and/or, in 
order to impart heat resistance, alkaline earth metal (compound) oxide(s) [the alkaline earth metal (compound) 

40 oxide(s) refers (refer) to alkaline earth metal oxide(s) and/or alkaline earth metal compound oxide(s), and the 
same applies hereinafter]. The addition of these oxides results in increased three-way catalytic performance 
(increased window) and increased heat resistance and widens the application range of the present catalyst. 
When the amount of the above oxides added is less than 2% by weight, the above effects may not be expressed 
sufficiently. When the amount is more than 35% by weight, the unique catalytic effect of zeolite is impaired. 

45 The above oxides such as Ce0 2 , La 2 0 3 can be incorporated by an ordinary method. 

It is also possible to add, at the time of preparation of a coating slurry to coat a carrier therewith, a small 
amount, for example, 2-20% by weight of a heat-resistant oxide (e.g. Al 2 0 3 , Al 2 0 3 -Si0 2 ) as a binder. 
Next, description is made on the component (b) of the present invention. 

The heat-resistant oxide of the component (b) of the present invention is preferably at least one oxide 
so appropriately selected from the group consisting of Al 2 0 3 , Ti0 2 , Zr0 2 , Si0 2 , their compound oxides, and oxides 
obtained by adding to one of said oxides 2-35% by weight of a rare earth element (compound) oxide or/and an 
alkaline earth metal (compound) oxide, that is, the group consisting of Al 2 0 3 , Ti0 2 , Zr0 2 and Si0 2 oxides, com- 
pound oxides containing at least two elements selected from Al, Ti, Zr and Si, oxides obtained by adding to 
one of said oxides 2-35% by weight of a rare earth element (compound) oxide or an alkaline earth metal (com- 
55 pound) oxide, oxides obtained by adding to one of said compound oxides 2-35% by weight of a rare earth ele- 
ment (compound) oxide or an alkaline earth metal (compound) oxide, oxides obtained by adding to one of AI 2 0 3 , 
Ti0 2 , Zr0 2 and Si0 2 oxides 2-35% by weight of a rare earth element (compound) oxide and an alkaline earth 
metal (compound) oxide, and oxides obtained by adding to one of compound oxides containing at least two 
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elements selected from Al. Ti, Zr and Si. 2-35% by weight of a rare earth element (compound) oxide and an 
alkaline earth metal (compound) oxide. 

In the present invention, by mixing the component (b) with the component (a), the unique catalytic effect 
of the high-silica zeolite [the component (a)] can be increased and further the three-way catalytic performance 
particularly the light-off performance of the component (a) can be improved. When the total amount of the rare 
earth elements) and the alkaline earth metalfs) added is less than 2% by weight, the properties described later 
may not be expressed sufficiently. When the amount is more than 35% by weight, the improvement in light-off 
performance may be impaired. The addition of alkaline earth metal oxide(s). for example. BaO improves the 
heat-resistance of Al 2 0,; the addition of rare earth element oxide(s). for example. Ce0 2 widens the three-way 
catalytic performance. There-is preferably used y-AJ 2 0 3 as an oxide, or. as a compound oxide. y-AI 2 0 3 -CeO, 
rAI 2 O 3 -La 2 O 3 .0ry-AI 2 O 3 -La 2 O 3 -CeO 2 . 1 2 3 2 ' 

The component (b) of the present invention can be produced by loading the above-mentioned heat-resis- 
tant oxide with at least one of the above-mentioned platinum group metals. The content of the platinum group 
metal(s) in the component (b) can be appropriate, depending upon the amount of the platinum group metal(s) 
introduced into the component (a) by ion exchange; however, it is preferably at least about equal to the amount 
of the platinum group metal(s) introduced into the component (a) by ion exchange, in order to obtain improved 
light-off performance. 

In the catalyst composition and catalyst of the present inventrbn. the types of the platinum group metals 
present in the component (a) and the component (b) may be the same or different Preferably, the component 
(a) and the component (b) are produced so as to contain different platinum group metals. Particularly preferably 
Rh is allowed to be present in the high-silica zeolite by ion exchange; and Pd or Pt which easily forms an alloy 
with Rh, is allowed to be present in the heat-resistant oxide. 

Also in the catalyst composition and catalyst of the present invention, the amount of the platinum group 
metal(s) introduced into the component (a) by Ion exchange and the amount of the platinum group metalfs) 
contained in the component (b), that is. the total amount of the platinum group metal(s) contained in the catalyst 

« J?!? ° f ' f ° r exam P' e - a monolith carrier catalyst, preferably 1 0-60 g/ft»(0.35-2.1 1 git), more preferably 
10-35 g/fP 0.35-1.24 g/l), most preferably 1 5-30 gffis (0.53-1.06 gll). With the above amount of the platinum 
group metal(s) loaded, the catalyst composition of the present invention can effectively function as a catalyst 
for exhaust gas purification and. moreover, has excellent durability. The reason is that, as mentioned above 
the platinum group metal(s) is (are) loaded at high uniformity on the high-silica zeolite by ion exchange When 
thetotal amount of the platinum group metal(s) loaded is less than 10g/ft» (0.35 git), the resulting catalyst for 
exhaust gas purification may be insufficient in light-off performance and durability. The amount larger than 60 
g/ft3 (2.11 gll). or larger than 35 g/fP (1.24 git) when Rh and/or Pt is loaded, is not preferable from the cost 
standpoint Loading in an amount of 1 5-30g/fP(0.53-1 .06 gll) is preferable industrially from the cost stand point 
In the conventional catalysts for exhaust gas purification, it has been necessary to load Rh which is most expen- 
sive of the platinum group metals, in an amount of at least 5 g/fp(0.18 git). Meanwhile, in the catalyst of the 
present invention, Rh loading In an amount of less than 5 g/ft3(0.18 gll) can sufficiently perform selective reduc- 
tion of NO x to N 2 , and further the loading even in an amount of 0- 2 g/ft3(0-0.07 gll) can exhibit practically suf- 
ficient selectivity when the resulting catalyst is used under relatively mild conditions (e.g. such conditions as 
the content of poisoning material in exhaust gas is low). Thus, the amoUnt of Rh loaded can be appropriately 
selected depending upon, for example, the application conditions of catalyst and, as compared with the level 
in conventional catalysts, can be reduced; therefore, the amount of Rh can be reduced down to the Rh/Pt ratio 
in mining which ranges, for example, from 1/1 1 to 1/19 depending upon the vein. 

The weight ratio of the component (a) and the component (b) in the catalyst composition of the present 
invention is preferably the component (a) : the component (b) = 1 0 : 90 to 85 : 1 5. When the content of the com- 
ponent (a) is less than 10% by weight it may be impossible to obtain the unique properties of the zeolite sub- 
jected to ion exchange with platinum group metal(s). particularly the reduction in amount of NH 3 generated 
When the content of the component (a) is more than 85% by weight, the resulting catalyst has poor light-off 
performance. 

The catalyst composition of the present invention comprises the component (a), i.e., a high-silica zeolite 
whose cation (e.g., H*) has been ion-exchanged with at least one of platinum group metals (Pt Pd Rh Ir and 
Ru) and the component (b), i.e., a heat-resistant oxide (e.g., Al 2 0 3 . Ti0 2 ) containing at least one of platinum 
group metals (Pt Pd, Rh. Ir and Ru). The catalyst composition can be used as a catalyst for exhaust gas puri- 
fication. by itself in a form such as pellets. Also, the catalyst composition is made into a catalyst by loading the 
component (a) and the component (b) of the composition preferably on a monolith carrier of honeycomb struc 
ture according to one of various methods. 

The form in which the catalyst composition of the present invention is used, can be appropriately selected 
depending upon its application purpose and application conditions. 
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The monolith carrier preferred is a so-called honeycomb structure having passages surrounded by sub- 
stantially uniform walls. As the materials for the monolith carrier, there are preferably used ceramics such as 
cordierite, mullite; foil-shaped metals consisting of heat-resistant stainless steel such as Fe-Cr-AI alloy; and 
metals shaped into a honeycomb structure by means of powder metallurgy. 

The shape of cells of the honeycomb carrier may be any, for example, polygonal (e.g., square, triangular), 
corrugated, etc. The honeycomb carrier can be produced so as to have a desired external shape which fits into 
the internal shape of the exhaust gas system in which the honeycomb carrier is to be installed. 

In the catalyst of the present invention, when the honeycomb carrier is coated with the component (a) and 
the component (b) to form a film, the film thickness is preferably 10-100 |tm. When the film thickness is less 
than 10 urn, the resulting catalyst has insufficient durability. When the film thickness is more than 100 urn, the 
resulting catalyst produces high pressure loss. Usually, onto a honeycomb structure having square cells, a cell 
density of 400 cpi*(62 cells/cm*) and a cell thickness of 6 mil (150 urn) is supported the catalyst composition 
of the present invention in an amount of 10-60% by weight (35-230 gft) based on the unit weight (volume) of 

tata e'catalyst of the present invention, the component (a) and the component (b) supported on the monolith 
carrier may take a form of mixture, or a form of respective layers with one of them being a surface layer. The 
form of two components on the monolith carrier can be appropriately determined in view of the nature of exhaust 
gas (e.g., concentrations of component gases), the purification conditions, the types and amounts of metals in 
the components (a) and (b), etc. 

For example, in order to remove NO K at a high purification ratio, it is preferable that the component (a) con- 
taining Rh as a result of ion exchange form a surface layer; and in order to remove hydrocarbons at a high 
purification ratio, it is preferable that the components (a) and (b) take a form of mixture or the component (a) 
form a surface layer. When the deposition of toxic substances such as heavy metals is a main purpose, it is 
preferable that the component (a) or (b) containing Pt form a surface layer. 

In the present invention, the component (a), i.e., the high-silica zeolite subjected to ion exchange with plati- 
num group metal(s) can be produced by immersing a zeolite having a Si/AI ratio of 40 or more in a solution 
containing 1(H to 1Q- 1 mol/f of cations of platinum group metal(s), allowing the system to stand, be stirred or 
be flowed back at normal temperature to 100*C, preferably 80-90°C for at least about 2 hours to effect ion 
exchange with platinum group metal(s), repeating, if necessary, filtration and water washing to remove metals 
other than the platinum group metal(s) introduced into the zeolite by ion exchange, drying the resulting zeolite 
usually at 80-1 50°C, and firing the dried zeolite in an oxidizing or reducing atmosphere at 300-1 ,000°C for about 
1 -1 0 hours. The firing at a temperature higher than 1 ,000°C is not preferable because it causes agglomeration 
of platinum group metal(s). This, however, indicates that the component (a) of the present invention has very 
high durability, in view of the fact that the agglomeration of platinum group metal(s) is caused by the firing at 
a temperature of 800°C or higher in the conventional counterpart 

As mentioned above, in the catalyst of the present invention, the component (a) and the component (b) 
can be supported on the honeycomb carrier in a mixture form or in respective layers. 

The production of the catalyst of the present invention can be effected generally by, for example, applying 
a slurry (slurries) of the component (a) or (and) the component (b) to the carrier by spray coating or dipping 
the carrier in said slurry (slurries). Also in this case, the component (a) and the component (b) can be loaded 
on the carrier in a mixture state or in respective layers. The catalyst is produced specifically as follows. 

When the component (a) and the component (b) are loaded on the monolith carrier in a mixture form 

At first, there is prepared a slurry suitable for washcoat of desired composition, by mixing the component 
(a), i.e., the high-silica zeolite subjected to ion exchange with a platinum group metal, a heat-resistant oxide 
(e.g., y-AI 2 0 3 and Ce0 2 or their precursors) and, if necessary, an inorganic binder (e.g., alumina sol), a peptizer 
and an organic binder. Next, a monolith carrier is dipped in the slurry to adhere the slurry to the carrier in a 
desired film thickness; the resulting monolith carrier is dried at. for example, 1 00*C and fired; the resulting mono- 
lith carrier is impregnated with a cationic or anionic solution containing a desired concentration of a platinum 
group metal, followed by drying and firing in the same manner as above. In the above impregnation, the most 
part of the platinum group metal is loaded onto the hydrophilic heat-resistant oxide because the high-silica zeol- 
ite is hydrophobic and its exchange sites have been occupied by the platinum group metal by ion exchange. 

Alternatively, for example, a powder of y -AI 2 0 3 -Ce0 2 system is impregnated with a desired amount of a 
platinum group metal; the resulting powder is dried and fired in the same manner as above to prepare a heat- 
resistant oxide containing a platinum group metal; the heat-resistant oxide containing a platinum group metal 
is mixed with a high-silica zeolite subjected to ion exchange with a platinum group metal, prepared in the same 
manner as above, to prepare a slurry suitable for washcoat in the same manner as above; and the subsequent 
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procedure as above is conducted to obtain a catalyst. This catalyst is superior in durability. 

When plural platinum group metals are loaded, they can be loaded individually or simultaneously by the 
above ion exchange method and the impregnation method. 

It is also possible to load a mixture of the component (a) and the component (b) on the monolith carrier 
more than once to form on the monolith carrier plural layers of a mixture of the component (a) and the component 
(b), each layer containing a different piatimum group metal. 

When the c omponent (a) and the component (b) are loaded on the monolith carrier in respective layers 

In the same way as the above case of mixture loading, slurries of the component (a) and the component 
(b) are prepared individually; the slurries are applied on the monolith carrier so as to form respective layers in 
a given order. When the component (a) layer is formed on the monolith carrier as a first layer, it is possible that 
a slurry of a high-silica zeolite or its precursor be prepared In place of a slurry of the Ion-exchanged high-silica 
zeolite, the slurry be applied to a monolith carrier and then subjected to drying for the high-silica zeolite or 
hydrothenmal synthesis and drying for the zeolite precursor, followed by firing, and the resulting one be sub- 
jected to ion exchange with platinum group metal(s). 

In the above loading method, each of the component (a) layer and the component (b) layer can be formed 
in a multilayer by repeating the above procedure. > : 

The method for producing catalyst can be selected depending on desired catalyst forms. 

The present invention is hereinafter described in more detail by way of Examples. However, the present 
invention is in no way restricted to the following Examples. 

Example 1 



25 [Selection of zeolite] 

As the zeolite constituting the component (a) of the present invention, there were used mordenite zeolite 
A of H type, ZSM-5 zeolites B to E of H type, zeolite F obtained by subjecting the above zeolite A to boiling 
with hydrochloric acid to increase the Si/Al ratio, and ZSM-5 zeolite G of Na type, all of which were commercially 
available and had different Si/Al ratios as shown in Table 1. Incidentally, zeolite G had an alkaline earth metal 
content of 0.85% by weight and other zeolites had an alkaline earth metal content of 0.1% by weight or less. 

The BET specific surface areas (m2/g) of the above zeolites measured at normal temperature and after 
heat treatment at 900°C, 1,000°C and 1,100°C in an electric furnace for 5 hours, are shown in Table 1 
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As is clearfrom Table 1 , the heat resistance of zeolite is dependent upon its Si/Al ratio, and a zeolite having 
a Si/Al ratio of larger than 40 is required in view of that the highest temperature to which a catalyst for automobile 
exhaust gas purification is exposed is generally 1,000'C and that the catalyst should maintain its high specific 
surface area even at 1,000°C. 

Zeolite G has a decreased specific surface area as a result of heat treatment although it is high-silica zeolite 
having a Si/Al ratio of 200. The reason is presumed to be that it is a Na type. Accordingly, it is appreciated that 
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zeolite of H type is preferred in the present invention and, when zeolite of Na type is used, it should be converted 
to a H type after having been ion-exchanged with platinum group metal(s). 

[Preparation of catalyst composition and catalyst] 

The above zeolite B was treated with a 10-2 m0 |/£ cationic solution of platinum complex [(NHakPtCIJ at 
90°C for 24 hours to subject the zeolite to ion exchange with Pt. Then, water washing was conducted five times 
with effecting vacuum filtration. The resulting filtrate was dried at 1 00°C for 1 6 hours, followed by firing at 550°C 
for 3 hours to obtain a Pt-ion exchanged zeolite powder. The zeolite had a Pt content of 0.83% by weight. 

50 parts by weight of the Pt-ion exchanged zeolite powder was mixed with 40 parts by weight of commer- 
cially available y-AI 2 0 3 having a BET specific surface area of 200 m 2 /g. Thereto was added a mixture of cerium 
acetate and a ceria powder in an amount of 10 parts by weight in terms of ceria. There were further added 1 50 
parts by weight of water and acetic acid as a defloccula nt The resulting mixture was milled in a pot mill to obtain 
a slurry. 

The slurry was coated on a cordierite honeycomb structure manufactured by NGK INSULATORS, LTD. 
[square cells, cell thickness of 6 mil (150 urn), cell density of 400 cells/in 2 (62 cells/cm 2 )] in an amount of 30% 
by weight (110 g/f) per the unit weight of the honeycomb structure. The resulting honeycomb structure was 
dried at 120°C for 2 hours and fired at 550°C for 3 hours to obtain a sintered honeycomb structure. 

An additional amount of Pt necessary to increase the total Pt amount loaded on the sintered honeycomb 
structure, to 30 g/ft 3 (1.06 g/f), was calculated from the Pt amount present in the ion-exchanged zeolite; and 
the sintered honeycomb structure was impregnated with an aqueous chloroplatinic acid solution (anionic type) 
containing a required amount of Pt, to load Pt on the y-AI 2 0 3 -Ce0 2 in the sintered honeycomb structure. The 
resulting honeycomb structure was dried at 120°C for 2 hours and fired at 550°C for 3 hours to obtain a catalyst 
(D comprising a monolith carrier, a zeolite component (a) and a heat-resistant oxide component (b), the com- 
ponents (a) and (b) being supported on the carrier. 

For the catalyst®, the components of the catalyst composition supported on the monolith earner, the ratio 
of the components, etc. are shown in Table 2. 

Catalysts @, ® and ® were prepared in the same manner as above, using the zeolites C, D and E, re- 
spectively. The amounts of the catalyst composition of each catalyst, the ratio of the components, etc. are 
shown in Table 2. 
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Example 2 

Catalysts ® and ® were obtained in the same manner as in Example 1, except that zeolite C was used 
and the ion exchange efficiency was controlled at 8% and 20% by adjusting the ion exchange time, to obtain 
Pt-ion exchanged zeolite powders. 

The components of the catalyst composition of each catalyst, the ratio of the components, etc. are shown 
in Table 2. 

Comparative Example 1 



A catalyst was obtained in the same manner as in Example 1, except that commercially available 
zeolite A was used. 

The components of the catalyst composition of the catalyst, the ratio of the components, etc. are shown 
in Table 2. 

Comparative Example 2 

A catalyst @ was obtained in the same manner as in Example 1 , except that the sintered honeycomb 
structure was not impregnated with Pt and the structure itself was used as a catalyst. 

A catalyst @ was obtained in the same manner as in Example 1 , except that a slurry comprising only 
the Pt-ion exchanged zeolite powder was coated on the cordierite honeycomb structure and the resulting sin- 
tered honeycomb structure was used as a catalyst. 

A catalyst @ was obtained in the same manner as in Example 1, except that zeolite B was used as it 
was, without being subjected to ion exchange with Pt. 

Zeolite B was impregnated with Pt at normal temperature using an aqueous platinum chloride salt solution 
of anionic type; after filtration (water washing was not made), the resulting zeolite B was fired at 550°C for 3 

hours to obtain a powder of a zeolite containing Pt. A catalyst @ was obtained in the same manner as in 
Example 1 , except that the above powder of a zeolite containing Pt but not subjected to ion exchange was used. 

The components of the catalyst composition of each catalyst, the ratio of the components, etc. are shown 
in Table 2. 

Comparative Example 3 



A catalyst @l was obtained in the same manner as in Example 1 , except that the powder of an ion-ex- 
changed zeolite was not used and only the heat-resistant oxide (y-AI 2 0 3 ) was used. 

Catalysts @ and ^ were obtained in the same manner as above, except that the sintered 
honeycomb structure was impregnated with an aqueous solution containing platinum group metal(s) as shown 
in Table 2, to load the metal(s) on the structure. 

The components of the catalyst composition of each catalyst, the ratio of the components, etc. are shown 
in Table 2. 

Example 3 

Zeolite C was subjected to ion exchange with noble metal(s) as shown in Table 2, to prepare various ion- 
exchanged zeolite powders. These powders were subjected to the same treatment as in Example 1 to prepare 
various sintered honeycomb structures. Each of the honeycomb structures was impregnated with noble 

metal(s) as shown in Table 2, in the same manner as in Example 1 to obtain catalysts ® to (£f^. Incidentally, 
in ion exchange, there were used (NH 3 ) 4 PdCI 2 salt for Pd and (NH 3 ) 6 RhCI 3 salt for Rh. 

The components of the catalyst composition of each catalyst, the ratio of the components, etc. are shown 
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in Table 2. 
Example 4 

Zeolite C was subjected to ion exchange with Pd and further subjected to ion exchange with Cu using an 
aqueous copper acetate solution to obtain a zeolite powder of subjected to ion exchange with Pd and Cu. A 

catalyst @ was obtained in the same manner as in the preparation of the catalyst ® of Example 3, except 
that the above zeolite powder of a zeolite subjected to ion exchange with Pd and Cu was used. 

The components of the catalyst composition of the catalyst @, the ratio of the components, etc. are 
shown in Table 2. 

Example 5 



Catalysts and were obtained in the same manner as in Example 1 , except that zeolite C was 
used and the ratios of the Pt-ion exchanged zeolite powder and y-AI 2 0 3 -Ce0 2 were as shown in Table 2. 
The components of the catalyst composition of each catalyst, the ratio of the components, etc. are shown 
20 in Table 2. 

Example 6 

Zeolite C was used, and a Rh-ion exchanged zeolite powder was obtained in the same manner as in 
25 Example 3. 

Separately, 80 parts by weight of y-AI 2 0 3 was mixed with 20 parts by weight (in terms of ceria) of cerium 
acetate and a ceria powder. Thereto were further added an aqueous chloroplatinic acid solution of anionic type 
and acetic acid. The mixture was milled in a pot mill to obtain a slurry. The slurry was dried at 120°C for 16 
hours and calcined at 550°C for 3 hours to obtain Pt-containing y-AI 2 0 3 -Ce0 2 , a noble metal-containing heat- 
30 resistant oxide. 

50 parts by weight of the Rh-ion exchanged zeolite powder and 50 parts by weight of the Pt-containing 
Y-AI 2 O r Ce0 2 above-obtained were placed in a pot mill and wet-milled to obtain a slurry. 

This slurry was coated on a cordierite honeycomb structure in the same manner as in Example 1 . The result- 
ing structure was dried at 120°C for 2 hours and fired at 550°C for 3 hours to obtain a sintered honeycomb 

35 

structure, a catalyst 

A slurry of the above-obtained Rh-ion exchanged zeolite powder was coated on the same cordierite hon- 
eycomb structure in an amount of 15% by weight per unit weight of the structure. The coated structure was 
dried and fired in the same manner as above to obtain a sintered honeycomb structure loaded with a Rh-ion 
40 exchanged zeolite. This sintered honeycomb structure was further coated with 15% by weight, per the unit 
weight of the structure, of a slurry of the above-obtained Pt-containing y -AI 2 0 3 -Ce0 2 . The coated structure was 

dried and fired in the same manner as above to obtain a catalyst @ comprising a carrier, a catalyst com- 
ponent (a) and a catalyst component (b), the components (a) and (b) being supported on the carrier in this order 
in respective layers. 

45 

In the above, the order of coating the two slurries was reversed to obtain a catalyst @ comprising a 
cordierite honeycomb structure, a Pt-containing y-AI 2 0 3 -Ce0 2 layer formed on the structure and a Rh-ion 
exchanged zeolite layer formed on the above layer. 

The components of the catalyst composition of each catalyst, the ratio of the components, etc. are shown 
in Table 2. 

Example 7 

[Evaluation of initial performance of catalyst] 



The above prepared catalysts ® to (2j) were measured for light-off performance, three-way characteri- 
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stic and amount of NH 3 (by-product) generated, to evaluate the catalytic performance of each catalyst 
Light-off performance 

5 A simulated exhaust gas (a mixture gas) of A/F = 14.6 was used; a catalyst was subjected to temperature 

elevation from 100°C to 550°C at a constant rate of 8°C/min; and the temperature at which the conversion of 
a particular gas component in the exhaust gas became 50% was taken as a light-off temperature T50% (°C). 

Three-way characteristic 

10 

There were measured conversion efficiencies of each gas component in the exhaust gas at a reaction tem- 
perature of 550°C at three air-to-fuel ratios, i.e., A/F = 14.0 [R (fuel-rich)], A/F = 14.6 [S (fuel-stoichiometric)] 
and A/F = 1 5.0 [L (fuel-lean)]. These conversion efficiency were taken as a three-way characteristic of the catal- 
yst used. 

15 

Amount of NH 3 (by-product) generated 

In the measurement of three-way characteristic, the exhaust gas was collected at two air-to-fuel ratios of 
A/F = 14.5 [R (fuel-rich)] and A/F = 14.6 [S (fuel-stoichiometric)], and the two exhaust gases were measured 
20 for NH 3 amount by a wet method (indophenol method, JIS K 0099). 

Incidentally, the space velocity during measurement was always 50,000 hr 1 . The exhaust gas in the case 
of A/F = 14.6 had a composition (by volume) of 1.7% (CO), 2,760 ppm (HC) (in terms of C), 950 ppm (NO x ) t 
1.3% (OJ, 0.6% (HJ, 13. 2% (COs), 10.0% (H 2 0), 23 ppm (S0 2 ) and the remainder (NJ. 

The results are shown in Table 3. 
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(W,(S) and (!,) refer to measurements in a fuel-rich slate, a fuel -s toicluome trie 
state and a fuel-lean state, respectively. 
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[Evaluation of performance of catalyst after durability test] 

There was used a 2,000 cc engine provided with one of the catalysts CD to @> . The engin e was operated 
for 60 seconds at an air-to-fuel ratio close to a stoichiometric point, so as to give a gras temperature of 750°C 
at the catalyst bed inlet (catalyst bed temperature = about 800°C), and then the fuel supply was stopped for 5 
seconds to shift to a fuel-lean mixture. This cycle was repeated to subject each catalyst to total 100 hours of 
aging. 

The resulting catalyst was measured for light-off performance, three-way property and amount of NH 3 (by- 
product) generated, in the same manner as in the catalyst before durability test, to evaluate the catalytic per- 
formance of the catalyst after durability test. 

The results are shown in Table 4. 
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Table 4 

Performance of catalyst after durability test 
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430 


430 


21.5 


78.5 


91.5 


8.1 


39.5 


75.5 


19.5 


27.5 


0.5 
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10 
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420 


450 
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20.8 


77.4 


90.0 


6.4 


72.4 


78.3 


30.3 


05.0 


1.9 


80 


5 




355 


365 


365 


30.0 


90.7 


91.3 


7.5 


04.2 


00.2 


45.2 


02.9 


2.5 


60 


5 


® 


470 


470 


490 


18.7 


40.8 


93.5 


3.1 


16.8 


05.8 


3.2 


5.3 


1.7 


60 


30 


® 


410 


430 


430 


10.4 


47.5 


90.3 
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17.8 


76.5 


3.1 


14.3 


0.6 
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20 
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435 
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00.8 


2.1 


30.5 


0.5 
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35 
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370 


390 


16.3 
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35.5 


90.4 


69.5 


9.3 


24.0 


0.9 


280 


30 




3I5 


325 


300 


34.0 


98.8 


99.5 


28^6 


97.4 


93.6 


62.0 


02.8 


5.4 


70 


10 


© 


340 


370 


380 


35.8 


99.3 


99.3 


30.9 


95.9 


96. 1 


74.0 


75.0 


10.4 


120 


20 



(R),(S) and (I) refer to measurements in a fuel 
stale and a fuel-lenn state, respectively. 



rich slate, a fuel-sloichiometric 



15 



I I J > • 

EP 0 485 180 A1 



Comparative Example 4 

The catalysts @l to @> were measured for initial performance and performance after durability test, 
in the same manner as in Example 7. The initial performance and the performance after durability test are shown 
in Table 3 and Table 4 t respectively. 



Claims 

1. A catalyst composition for purification of exhaust gas, comprising 

(a) high-silica zeolite having a Si/AI ratio of 40 or more, subjected to ion exchange with at least one 
metal selected from Pt, Pd, Rh, lr and Ru, and 

(b) a heat-resistant oxide containing at least one metal selected from Pt t Pd, Rh, lr and Ru. 

2. A catalyst composition for purification of exhaust gas according to Claim 1, wherein the heat-resistant 
oxide as the component (b) is at least one oxide selected from the group consisting of Al 2 0 3 , Ti0 2 , Zr0 2 , 
Si0 2 , their compound oxides and mixtures of said oxide with a rare earth element (compound) oxide or/and 
an alkaline earth metal (compound) oxide. 

3. A catalyst for purification of exhaust gas, comprising 

(a) high-silica zeolite having a Si/AI ratio of 40 or more, subjected to ion exchange with at least one 
metal selected from Pt, Pd, Rh, lr and Ru, 

(b) a heat-resistant oxide containing at least one metal selected from Pt, Pd, Rh, lr and Ru, and 

a monolith carrier supporting the components (a) and (b). 

4. A catalyst for purification of exhaust gas according to Claim 3, wherein the heat-resistant oxide as the com- 
ponent (b) is at least one oxide selected from the group consisting of Al 2 0 3 , Ti0 2 , Zr0 2 , Si0 2 , their com- 
pound oxides and mixtures of said oxide with a rare earth element (compound) oxide or/and an alkaline 
earth metal (compound) oxide. 

5. A catalyst for purification of exhaust gas according to Claim 3 or 4, wherein the monolith carrier is made 
of a ceramic or metallic material. 

6. A catalyst for purification of exhaust gas according to any of Claims 3, 4 and 5, wherein the components 
(a) and (b) are supported substantially uniformly. 

7. A catalyst for purification of exhaust gas according to any of Claims 3, 4 and 5, wherein the components 
(a) and (b) are supported on the carrier in the form of respective layers. 

8. A catalyst for purification of exhaust gas according to Claim 7, wherein the component (a) is a first layer 
formed on the carrier and the component (b) is a second layer formed on the first layer. 

9. A catalyst for purification of exhaust gas according to Claim 7, wherein the component (b) is a first layer 
formed on the carrier and the component (a) is a second layer formed on the first layer. 

10. A process for producing a catalyst for purification of exhaust gas, which comprises 

coating a monolith carrier with a slurry comprising high-silica zeolite having a Si/AI ratio of 40 or 
more, subjected to ion exchange with at least one metal selected from Pt, Pd, Rh, lr and Ru and a heat- 
resistant oxide or its precursor, 

drying or/and firing the slurry-coated monolith carrier, 

impregnating the resulting monolith carrier with a solution containing at least one metal selected 
from Pt, Pd, Rh, lr and Ru and 

drying or/and firing the impregnated monolith carrier. 

11. A process for producing a catalyst for purification of exhaust gas according to Claim 10, wherein the heat- 
resistant oxide is at least one oxide selected from the group consisting of Al 2 0 3( Ti0 2 , Zr0 2 , Si0 2 , their 
compound oxides and mixtures of said oxide with a rare earth element (compound) oxide or/and an alkaline 
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earth metal (compound) oxide. 

12. A process for producing a catalyst for purification of exhaust gas, which comprises 
coating a monolith carrier with a slurry comprising high-silica zeolite having a Si/AI ratio of 40 or 

more, subjected to ion exchange with at least one metal selected from Pt, Pd. Rh, lr and Ru and a heat- 
resistant oxide or its precursor containing at least one metal selected from Pt, Pd, Rh, lr and Ru, and 
drying or/and firing the slurry-coated monolith carrier. 

13. A process for producing a catalyst for purification of exhaust gas according to Claim 12, wherein the heat- 
resistant oxide is at least one oxide selected from the group consisting of Al 2 0 3 , Ti0 2 , Zr0 2 , Si0 2 , their 
compound oxides and mixtures of said oxide with a rare earth element (compound) oxide or/and an alkaline 
earth metal (compound) oxide. 

A process for producing a catalyst for purification of exhaust gas, which comprises conducting at least 
once a series of steps consisting of 

(1) a first slurry-adhering step wherein a monolith carrier is coated with a slurry comprising a high-silica 
zeolite having a Si/AI ratio of 40 or more, or its precursor, 

(2) an ion exchange step wherein the monolith carrier after the first slurry-coating step is subjected to 
dried or/and fired, or hydrothermal synthesis and dried or/and fired and then contacted with a solution 
containing at least one metal selected from Pt, Pd, Rh, lr and Ru to subject the high-silica zeolite to ion 
exchange with said metal, 

(3) a second slurry-coating step wherein the monolith carrier after the ion exchange step is coated with 
a slurry comprising a heat-resistant oxide or its precursor, and 

(4) a metal-supporting step wherein the monolith carrier after the second slurry-coating step is dried 
or/and fired and then impregnated with a solution containing at least one metal selected from Pt, Pd, 
Rh, lr and Ru, to allow said metal to be supported on the monolith carrier, and then drying or/and firing 
the resulting catalyst. 

A process for producing a catalyst for purification of exhaust gas according to Claim 14, wherein the heat- 
resistant oxide is at least one oxide selected from the group consisting of Al 2 0 3 , Ti0 2 , Zr0 2f Si0 2 , their 
compound oxides and mixtures of said oxide with a rare earth element (compound) oxide or/and an alkaline 
earth. metal (compound) oxide. 

16. A process for producing a catalyst for purification of exhaust gas, which comprises conducting at least 
35 once a treatment consisting of 

(1) a step wherein a monolith carrier is coated with a slurry comprising a heat-resistant oxide or its pre- 
cursor, the slurry-coated monolith carrier is dried or/and fired and then Impregnated with a solution con- 
taining at least one metal selected from Pt, Pd, Rh, lr and Ru, and the impregnated monolith carrier is 
dried or/and fired, or wherein a monolith carrier is coated with a slurry comprising a heat-resistant oxide 

40 or its precursor containing at least one metal selected from Pt, Pd, Rh, lr and Ru, and the slurry-coated 

monolith carrier is dried or/and fired, and 

(2) a step wherein the resulting monolith carrier is coated with a slurry comprising a high-silica zeolite 
having a Si/AI ratio of 40 or more, subjected to ion exchange with at least one metal selected from Pt, 
Pd, Rh, lr and Ru, and the slurry-coated monolith carrier is dried or/and fired. 

45 

17. A process for producing a catalyst for purification of exhaust gas according to Claim 16, wherein the heat- 
resistant oxide is at least one oxide selected from the group consisting of Ai 2 0 3 , Ti0 2 , 2r0 2 , Si0 2 , their 
compound oxides and mixtures of said oxide with a rare earth element(compound) oxide or/and an alkaline 
earth metal (compound) oxide. 
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